Epidemiology of twin births from a climatic point of view. The twinning rate was analysed using figures taken from statistics for Japan. During the years 1955 to 1959 there were 58 570 twin deliveries out of a total of 9 088 233, a frequency of 6-44 per 1000. Using Weinberg's differential method for zygosity estimation, the monozygotic twinning rate was 4 04 per 1000 and the dizygotic was 2-40. Twinning rates in 46 prefectures were also estimated and their correlations with meteorological parameters as well as with the mortality from cerebrovascular disease were examined. The twinning rates increased from a low level in the south west to a high level in the north east of Japan. The tendency was more obvious for the dizygotic than the monozygotic twinning rate. A negative correlation was observed between incidence rates of dizygotic twins and mean airtemperatures throughout the year, and a positive one between incidences of dizygotic twins and mortality rates for vascular lesions affecting the central nervous system in 46 prefectures. A seasonal variation of twinning rates was also observed in Niigata City for statistics of births during the periods 1948-55 and 1963-70. This took the form of a bimodal curve, with high conception rates for twin births in intermediate mild seasons, the spring and autumn and, low rates in the more stressful hot and cold seasons. These relationships between climate and twin births within a single race-group are discussed.
There is a well recognized ethnic difference in the twinning rate, twin births being common in the Negro, less frequent in the Mongolian, and intermediate between these two in the Caucasian. It is widely accepted that the frequency of monozygotic twins is roughly uniform throughout the world, but that of dizygotic twins varies considerably between races. However, there is little difference in the dizygotic twinning rate within each race (Gedda, 1961; Bulmer, 1970) , and therefore, the difference between ethnic groups in their twinning rate seems to be of genetic origin.
Apart from the ethnic view, the literature is scant on the regional characteristics of the twinning rate. Davenport (1930) reported a high twinning rate in northern and a low rate in tropical countries. Bulmer (1960) observed that there was an increase in the twinning rate from a low level in the south west to a high level in the north east in France, due to differences in the dizygotic rather than the monozygotic twinning rates. The The zygosity of twins was estimated using Weinberg's differential method (Weinberg, 1901) . No correction of the zygosity rate by sex ratio was made because this would have had little effect on the results.
The twinning rate for each prefecture was standardized for maternal age by the indirect method, using age-specific twinning rates and the maternal age distributions (Bulmer, 1960) In Fig. 3 , the solid line represents the seasonal variation of 'unsmoothed' twinning rates. Differences among twinning rates in representative months of four seasons were analysed by the x2 test, and at the bottom of the figure are shown significant changes with levels of probability. There is a bimodal curve throughout the year rising in intermediate mild seasons (spring and autumn) and falling in severe seasons (cold winter as well as hot summer). The dotted line shows the seasonal variation of 'smoothed' twinning rates, which has a more obvious seasonal fluctuation.
DISCUSSION
Some doubts about Weinberg's differential method for estimating the zygosity of twins were raised by findings of placental morphology and genetic characteristics, such as blood type or fingerprint (James, 1971; Myrianthopoulos, 1970; Renkonen, 1967) . The main criticism was that the proportion of dizygotic twins was underestimated in Weinberg's assumption, but it is not practicable to attempt a precise diagnosis of zygosity at the time of delivery on a population scale. It is also said that the discrepancy between the proportion of monozygotic to dizygotic twins diagnosed by the precise method and that estimated by Weinberg is small (Cameron, 1968 ; Potter, 1963 ). Weinberg's assumptioncan, therefore, still be useful for zygosity estimation in a large sample of twins (Bulmer, 1970; Myrianthopoulos, 1970 ). In the present study the total, monozygotic, and dizygotic twinning rates during 1955-59 were 6 44, 4-04, and 2-40 respectively per 1000 deliveries. The figures were similar to those reported previously in Japan and for foreign populations of oriental origin (Komai and Fukuoka, 1936; Kang, 1962; Ping and Chin, 1967; Shipley et al., 1967) .
As Fig. 2 shows, the standardized dizygotic twinning rate was higher in the north east than in the south west prefectures. This trend was in close agreement with Bulmer's survey in France (Bulmer, 1960 (Bulmer, , 1970 . A similar trend was also observed in the monozygotic twinning rate, but less marked.
It is thelefore considered that the regional variation in the twinning rates was mainly due to the difference in dizygotic twinning rates.
In Japan, urbanization has mainly developed in the cities along the Pacific Ocean (Tokyo, Nagoya, Osaka, etc.) (Watanabe and Yoshida, 1956, 1966) , and it is suggested that the pituitary gonadotrophic hormone has an effect on ovulation (Bulmer, 1970; Dean and Keane, 1972) .
Little has been written on the effect of seasonal change in twin births (Edwards, 1938; Timonen and Carpen, 1968; Selvin and Janerich, 1972) . Although there is a slight shift in the month, the seasonal change for the twinning rates in the present study is essentially the same as that of Edwards (1938) and Timonen and Carpen (1968) . Das (1934) found a variation in twin incidence rates among races, but denied a climatic influence upon the frequency of twins. Gedda (1961) maintained that the latitude and the climate played a secondary role to ethnic factors. Cox (1963) reported in his study in Nigeria that there was an association between a hot, humid climate and the high multiple birth rate. It is likely that an ethnic factor acts more strongly upon the twin incidence rate than any other factor. In order to observe climatic effects upon the twinning rate, it is necessary to minimize ethnic factors as far as possible.
